Free glutamate, a key substance underlying the umami taste of foods, fulfills a number of physiological functions related to energy balance. Previous experimental studies have shown that intake of a broth or soup supplemented with monosodium glutamate (MSG) prior to a meal can decrease appetite and food intake, particularly in women with propensity to overeat and gain weight. In this study, we examined potential neurocognitive mechanisms underlying this effect. We evaluated changes after intake of a chicken broth with or without MSG added (MSG+/MSG−) in a sample of healthy young women. Subjects were assessed with a food-modified computerized inhibitory control task, a buffet meal test with eye-tracking, and brain responses during a food choice paradigm evaluated with functional neuroimaging. We found evidence for improvement in key parameters related to inhibitory control following intake of the MSG+ broth, particularly in subjects with high levels of eating disinhibition, who also showed lower intake of saturated fat during the meal. Additionally, consumption of the MSG+ broth led to a reduction of the rate of fixation switches between plates at the meal, and increased engagement of a brain region in the left dorsolateral prefrontal cortex previously associated with successful self-control during dietary decisions. Altogether, these results, while preliminary, suggest potential facilitating effects of glutamate (MSG) on cognitive executive processes that are relevant for the support of healthy eating behaviors and food choice.
INTRODUCTION
Umami, a Japanese word to express a delicious, savory meal, represents one of the five basic tastes, together with sweet, salty, bitter, and sour. A key determinant of umami taste is glutamate, a naturally occurring non-essential amino acid that can be found in nearly all foods, including many vegetables and especially foods high in protein such as dairy products, fish and meat. Foods often used for their flavoring properties in traditional cuisines around the world, such as mushrooms, tomatoes, Parmesan cheese or fermented products, have high levels of free glutamate. Monosodium L-glutamate (MSG) is a sodium salt of glutamate that became commercially available after the isolation, characterization and subsequent synthesis of the umami component in the early 1900's [1, 2] . MSG is widely used as a food additive to reduce cooking and meal preparation time and to enhance the sensory attributes of food.
Beyond its role as an additive, detailed physiological studies in animals suggest that glutamate is also involved in processes that are relevant for energy homeostasis, such as digestion, dietinduced thermogenesis, and the development of flavor preferences [3] [4] [5] ; behavioral and neurocognitive effects have been less studied. Glutamate is sensed in the oral cavity and gastrointestinal tract mostly via T1R1 + T1R3 and metabotropic glutamate receptors (mGluR) [6] . Information about its presence is conveyed from the stomach to the brain through a specific vagus-nervemediated signaling pathway that may serve as a key indicator of protein content in ingested food [5, [7] [8] [9] . Studies with functional magnetic resonance imaging (fMRI) in rodents have shown that following intragastric infusion of glutamate (MSG) an array of brain regions such as thalamic nuclei, insular cortex, limbic system, and the hypothalamus become activated but, unlike following the ingestion of glucose, no changes occur in the nucleus accumbens [10] . While this is compatible with the absence of weight gain in rats when they are given free access to a solution with MSG [11] , the translation of these findings to and implications for humans remain largely unexplored.
A number of studies have examined short-term effects of MSG intake administered in the form of a soup or broth preload in human subjects [12] [13] [14] [15] [16] [17] [18] [19] . Adding MSG increases the palatability of food and has the potential to increase consumption; however, the evidence for both short-term and long-term changes in appetite and food intake related to MSG is mixed [20] . Savory preloads that contain MSG can decrease hunger and desire to snack in women [19] and can decrease preference for high-fat and sweet foods in a subsequent meal [13] . The reduction of appetite and food intake is stronger with savory preloads than with sweet or bland preloads, and is more prominent in women with high eating disinhibition or with excess weight [12, 17] . fMRI studies in humans have shown that taste responses to MSG, compared with glucose, include more activation in the dorsal sector of the anterior cingulate cortex [21] , an area that plays a key role in complex cognitive processes related to behavioral adjustment [22] . A full understanding of these effects and underlying mechanisms is warranted.
In the present study, we examined the possibility that intake of MSG may influence human eating behavior through neurocognitive effects. Based on the above findings, it is plausible that glutamate sensing in the stomach by the vagus nerve may lead to upstream activation of brainstem noradrenergic projections to the cortex [23] , with the potential of bottom-up modulation of cognitive-executive processes as complex as decision-making [24] [25] [26] . To examine this possibility, we designed a randomized, double blind, crossover experiment where we evaluated neurocognitive and eating behavior effects following intake of a broth supplemented with MSG in a group of healthy women. Effects along the brain-cognition-behavior spectrum were measured using an inhibitory control task modified for food, a buffet meal test where subjects wore a portable eye-tracking system and an fMRI paradigm to examine brain activation during dietary decisions. We hypothesized that, via taste receptor signaling and vagus nerve afferents, MSG could influence neurocognitive pathways in a bottom-up manner leading to an enhancement in the activity of brain regions and cognitive processes related to executive function, specifically aspects of inhibitory control. We also predicted that the intake of MSG would lead to increased engagement of brain regions previously associated with selfregulation during food choice, specifically the dorsolateral prefrontal cortex (DLPFC) [27] . We also hypothesized that, based on past findings in the human eating behavior literature, the anticipated effects of MSG on neurocognition would be prominently influenced by individual characteristics related to propensity to overeat and gain weight (eating disinhibition).
MATERIALS AND METHODS

Subjects
A total of 41 healthy, non-obese women were recruited through an internet advertisement, available to current students at a local university. Interested participants were invited to the laboratory, where they were screened for inclusion in the study. Participants were between 18 and 30 years old, with a self-reported normal BMI, no food allergies, intolerances or restrictions, no history of smoking, no MRI contraindications, either no myopia or myopia for which prescribed glasses or contact lenses measured less than −1.5 diopters, and no current pregnancy. A total of 35 participants (mean age: 20.5 ± 0.3 years, mean BMI 22.1 ± 0.4 kg/m 2 ) were finally enrolled and randomized to the two study groups, consisting of buffet meal or fMRI (see below). The study included only women, as its intention was to build upon the results of previous investigations with MSG and also to reduce well-known outcome variability in this area of research related to gender [19] . From the original 35 subjects, 5 subjects were excluded from the analysis due to incomplete visits or inconsistent fasting hours, leaving a final number of 30 participants for the computer tasks, 15 for the buffet meal tests, and 14 for the fMRI sessions.
Study design
Subjects were required to come to the laboratory on four different days, aside from the baseline visit, over a period of 10 days. During the initial 2 days (common to all participants), they performed a classical and a food-modified version of the stop-signal task (SST) for the assessment of inhibitory control under two different conditions: (a) following intake of a control broth (MSG-) and (b) following intake of a broth supplemented with MSG (MSG+). In brief, both versions of the SST consisted of a 75:25% mix of go and stop trials. Subjects were to respond as quickly as possible (go trials) to the display of a left-or right-pointing arrow on the computer screen by pressing the corresponding arrow key on the keyboard. They were to withhold this response (stop trials) if, briefly following the appearance of the arrow, a tone sounded. The delay of the tone after the display of the arrow was automatically adjusted during the task such that subjects would correctly inhibit responses 50% of the time. On each of the two computer task days, subjects started by performing a classical version of the SST. Based on that performance we obtained a task parameter-the average stop-signal delay-at which the subject had a 50% probability of stop accuracy performance (SSD 50 ). This value was used in the two subsequent food-modified SSTs, which subjects preformed pre-and post-broth. In the food-modified SST, images of food or neutral items preceded each arrow and remained onscreen until the end of the trial. The order of food and neutral images was randomized. We evaluated the following parameters in the food-modified SST: psychomotor performance (mean go reaction times), response inhibition [stop signal reaction time (SSRT), reflecting the time that it takes for a subject to inhibit a response that has been initiated (main outcome measure); percentage of successful stops], and response time variability (intra-individual coefficient of variation (ICV), a measure of attentional fluctuation during performance). For further detail about the task and data analysis, see Supplementary Materials and Methods section.
Subsequently, subjects were randomized (1:1 allocation ratio) to undergo either two sessions of a multi-choice buffet meal test with eye-tracking or two sessions of an fMRI food choice paradigm based on previous research [27] . Subjects were evaluated after intake of the broth (MSG-/MSG+ conditions) during these two additional visits as well. Full details of the buffet meal test, fMRI paradigm and data analysis are included in Supplementary Materials and Methods section. Figure 1 illustrates each of the components involved in the study protocol. The order of broth conditions was randomized and counterbalanced across subjects for each of the three components of the study (computer task, buffet and fMRI). As part of the baseline visit, body weight and height were measured using a digital scale adjusted to the first decimal and a stadiometer, respectively. Subjects were also asked to complete the Three Factor Eating Questionnaire (TFEQ), which evaluates individual differences in eating behavior regarding dietary restraint, disinhibition and hunger [28] . All references in the text to eating behavior characteristics refer to scores in these three components of the TFEQ. The study protocol was approved by the Institutional Review Board (IRB) of Beth Israel Deaconess Medical Center. All subjects gave written informed consent before participation and received monetary compensation for their time spent in the study. Table 1 shows summary statistics of overall task performance for the 30 participants. The version of the SST that we used was successful in achieving approximately 50% inhibition accuracy, indicating that the staircase-tracking algorithm was adequate. Stop-signal reaction time (SSRT) values were within previously reported ranges [29] .
RESULTS
Stop-signal task (SST)
Psychomotor performance. Mean Go reaction time (RT) was not influenced by condition, time or their interaction (all p > 0.3). Overall, subjects did not differ in performance based on trial type (neutral/food) (p = 0.542), and no condition x time x trial type interaction was found (p = 0.923). When the effect of eating behavior characteristics was modeled, hunger significantly influenced the interaction condition x time (p = 0.025). Post hoc comparisons showed that subjects with higher hunger scores had more slowing of reaction times after intake of the MSG+ broth [net change: upper tertile: 17.6 ± 10.3; lower tertile: −10.4 ± 11.1 (ms)]. Controlling for the effect of eating behavior characteristics, the interaction condition x time x trial type reached borderline significance (p = 0.077). Specifically, intake of the MSG+ broth tended to reverse the slowing of Go RT during food trials that was observed following the MSG− broth (Table 1) , possibly attributed to a priming effect of the broth on attention toward food images.
Response inhibition. Figure 2a depicts overall results for SSRT, the main inhibition-related parameter of the task. In a general model, SSRT was not affected by time, condition, or trial type (all p > 0.25). To account for general differences in motor speed that could have masked an effect, we performed an analysis of SSRT controlling for mean Go RT. This analysis revealed a significant condition x time interaction (p = 0.033): subjects had more reduction of SSRT following intake of the MSG+ broth [pre: 155.1, post: 154.4 (ms)], than with the MSG− broth [pre: 157.3, post: 162.4 (ms)]. When eating behavior characteristics were considered, there was a condition x time x hunger interaction (p = 0.025) [net change: upper tertile: 1.5 ± 9.2; lower tertile: −20.6 ± 15.2 (difference, ms)] that remained significant after adjusting for motor speed (p = 0.042). The effect of MSG+ broth on SSRT was also correlated with body mass index (BMI): subjects with higher BMI had more reduction of SSRT (r = −0.461, p = 0.010) (Fig. 2b) . This association was unrelated to Go RT (partial correlation adjusted for mean Go RT: r = −0.457, p = 0.013).
Inhibition accuracy (% correct stops) was significantly affected by time only (p = 0.005), reflecting that subjects were better overall at inhibiting responses in the post-broth state. No interactions were observed. Eating behavior characteristics did not influence these results (all p > 0.2).
Response time variability. There was a main effect of time on intra-individual coefficient of variation (ICV) (p < 0.001). Overall, subjects had less fluctuation of their performance in the postbroth state than in the pre-broth state. Modeling eating behavior characteristics revealed an interaction effect of condition x time x disinhibition (p = 0.025). Specifically, subjects with higher disinhibition scores had more reduction in response variability after intake of the MSG+ broth (Fig. 2c) , indicative of better ability to maintain a consistent level of attention over time [net effect: lower tertile: 0.08 ± 0.07; upper tertile: −0.13 ± 0.07 (ratio difference)]. This effect was not trial type specific, and it was unrelated to general differences in motor performance, as it remained significant after controlling for mean Go RT (p = 0.042).
Buffet meal Total intake. Energy intake results are displayed in Fig. 3a . There were no differences in total consumption (MSG-: 1086 ± 130 kcal; MSG+: 1213 ± 87 kcal, p = 0.243), i.e., within-subject change in intake after the MSG+ broth overlapped zero (127 ± 104 kcal).
Macronutrients. Broth condition did not have an effect at the macronutrient level. Subjects consumed similar amounts of carbohydrates, protein, fiber, fat and saturated fat. This was observed both with the data expressed in total weight (g) as well as in percentage of total calories (all p > 0.2) (Fig. 3b) .
Effect of individual variability. When we examined the role of eating behavior characteristics, we found an inverse correlation between disinhibition and change in saturated fat intake (g) after MSG+ broth consumption (r = −0.616, p = 0.015): subjects with higher disinhibition scores consumed less saturated fat (Fig. 3c) . This effect appeared to be selective, as we did not find any association with other macronutrients (all correlations p > 0.2, aside from fat overall r = −0.382, p = 0.160).
General aspects and food choice. General characteristics of the meal did not differ across conditions. This included meal duration, total number of events, and eating speed (all p > 0.4). Broth condition did not influence consumption based on food categories, i.e., subjects ate similarly from all plates considering the effect of calorie density (low calorie/high calorie), taste (savory/sweet), or a combination of both. However, subjects with higher scores in disinhibition ate less from low-calorie savory food (appetizer and entrée plates combined) following the MSG+ broth Eye-tracking. We found a significant reduction in switching rate overall, i.e., when controlling for eating behavior characteristics (p = 0.006). Specifically, following intake of the MSG+ broth, subjects had lower switching rates than after intake of the MSG-broth (MSG-10.4 ± 1.0, MSG+ 8.9 ± 0.8). This reduction effect occurred in 10 out of the 13 analyzed subjects and is illustrated in Fig. 3d . Other parameters did not show an effect, except for disinhibition, which was associated with the percentage of matches (p = 0.025). Specifically, subjects with higher disinhibition scores tended to have more fixations on the plates from which they were eating after the MSG− broth than after the MSG+ broth. fMRI During the fMRI task (choice run), subjects did not differ in their performance between broth conditions. Specifically, the probability of failure during trials that required self-regulation remained at similar levels (MSG-: baseline 49.03%, post-broth 46.2%; MSG+: baseline 53.6%, post-broth 50.3%) (p = 0.954) (Fig. 4a) . When we examined brain activation during those decision scenarios, we found that after the MSG+ broth, subjects had more activation in the left prefrontal cortex region of interest (ROI) previously linked to successful self-control during food choice (Wilcoxon Signed Ranks Test, Z = −2.223, p = 0.026) (Fig. 4b) . In the whole-brain analysis, we also found more reduction after MSG+ in a range of areas that have been linked to increased motivation and attention to food, such as the cerebellum, precuneus and fusiform gyrus (Supplementary Table 1 ). Additional findings related to brain activations during health and tasting ratings and overall choice are reported in Supplementary Tables 2-4 .
Blinding success At the end of the study, subjects were asked to guess the order in which they thought they had received the broth conditions throughout the visits. 40.7% of participants were able to predict the order correctly. Thus, their guesses were not different from chance level [χ 2
(1) = 0.926, p = 0.336], suggesting that blinding procedures were successful.
DISCUSSION
In the present study, we examined neurocognitive effects following intake of MSG that was ingested as part of a chicken broth preload. We evaluated participants with a computer-based inhibitory control task, a buffet meal with eye-tracking, and an fMRI food choice task. We found that intake of the MSG+ broth was associated with: (1) changes in key parameters of response inhibition in association with eating behavior characteristics, specifically improvements in subjects with propensity to overeat and gain weight, and (2) a decrease in saturated fat intake during the buffet meal in this same group of subjects. Additionally, we found (3) a general reduction in the rate of eye fixation switches between plates at the meal, and (4) increased activation, during dietary choice, of a left prefrontal cortex region related to successful self-control.
Our findings represent the first evidence to date regarding a potential effect of MSG on neurocognitive parameters that are relevant for the support of healthy eating behaviors and food choice. They also extend our understanding of how this umami substance may influence energy balance. However, due to the small sample size, these data should be interpreted as preliminary and future research should confirm our findings. Similar to previous research, and as hypothesized, we found that part of the effects of MSG only occurred or were stronger for women with high disinhibition or BMI. Specifically, our study replicated previous research that showed less intake of high-fat food following a preload with MSG, in association with disinhibition [12] or frank overweight/obesity [17] . However, we did not see a general impact on total kcal consumption as reported in two recent studies [13, 17] . This disagreement may be related to subject characteristics, fasting hours, or the composition of the buffet, which in our case was constrained by design to two calorically conflicting menu sets (6 plates) vs. 16 options used in these prior studies. Regarding the influence of eating behavior characteristics, our study confirmed the already known link between disinhibition and a beneficial effect of MSG in the context of food intake and, for the first time, in the domain of neurocognition (inhibitory control). We should point out, however, that the effects that we found were not specific of trial type (food/ neutral images), indicating that they may have occurred through an influence on neurocognition in general, i.e. independent of food. As a novel contribution, we also found that hunger scores had an inverse association with improvements in response inhibition and general psychomotor performance after intake of MSG. The relevance of this finding is unclear, as the hunger component of the TFEQ has not been as extensively studied as disinhibition [30] . Hunger scores may reflect variability in internal signaling pathways more closely linked to homeostatic regulation of appetite, i.e., hypothalamic circuits [31] , which are possibly more established and less prone to modulation via neurocognition. Additionally, recent data suggest that scores in the hunger factor of the TFEQ can be influenced by momentary hunger [32] . In our case, the TFEQ was administered at a baseline visit, which took place on a different day than the visits at which the outcomes were collected. For that baseline visit, subjects were not required to arrive under a specific window of fasting. Thus, it is also unclear how to interpret these findings under that perspective, due to inconsistent fasting states at the time of answering the questions. As another novel contribution, we evaluated subjects with complementary methodologies that captured changes in three domains: brain, cognition, and behavior. The direction of effects was consistent across modalities. Computer task and fMRI results were echoed by the eye-tracking data and, to some extent, food intake. In combination, our results suggest that the observed neurocognitive effects associated with MSG seem to transfer to real-life scenarios related to healthy eating behavior and food choice. However, more research is needed to confirm and replicate these findings.
Our results can be explained by priming of neural responses due to orosensory information, particularly signaling via glutamate receptors in the oral cavity, stomach, or a combination of both. Subjects were not able to distinguish the broths retrospectively, suggesting that taste, at least consciously, may have played only a minor role. However, we did not evaluate sensory aspects in detail, and the time delay between broth ingestion and outcome measures (15-30 min) makes both taste and post-ingestive effects plausible [33] . To our knowledge, no prior study has investigated the impact of taste or other orosensory characteristics of food on SST performance, and the effects of MSG signaling in the oral cavity on food intake are not well known, overall [17] . The SST changes that we observed are compatible with the hypothesized effect of MSG on neurocognition through the vagus nerve and ascending noradrenergic pathways (i.e. post-ingestive effects). Studies combining vagus nerve stimulation and the SST have shown SSRT improvements in patients who find clinical benefits from the device for epilepsy, which are believed to be mediated by activation of the locus coeruleus-noradrenergic system [25] . Additionally, based on accumulated data both in animals and humans, it is known that SST performance, specifically its SSRT and ICV measures, is prominently associated with the action of noradrenaline [34] . Our data also suggest that individuals with high predisposition to overeat and gain weight may be particularly responsive to the activation of this pathway with MSG, based on the profile of effects observed here, together with the past literature on SST and experimental research linking MSG to vagus nerve signaling in the stomach. It is unclear why subjects with this profile could benefit the most, but a growing body of research suggests that chronic intake of high-calorie diets, even without obesity, can lead to a disruption of vagus nerve sensitivity to peripheral signals, even though the detailed mechanisms remain unknown [35] . Also in support of a vagal mediation of the observed effects is the recently reported link between eating disinhibition and decreased vagal tone [36] . Assuming that individuals with high levels of disinhibition might already have Umami, neurocognition and eating behavior... G Magerowski et al. some degree of dysfunction in the vagus nerve, it is possible that MSG, as used in our protocol, could have facilitated transmission in this pathway and thus benefited physiological regulatory mechanisms related to energy balance. Future studies should integrate measurements of the status of vagus nerve functioning such as heart rate variability to confirm this intriguing possibility.
There was an overall reduction in switching rate between plates during the buffet after intake of the MSG+ broth. We believe this finding may be compatible with a better deployment of attentional control resources and/or less responsivity to the presence of palatable food cues, as it aligns well with both the general improvements in SST parameters and the effects in fMRI that we found. As the methodology that we used here was novel, it is difficult to extrapolate findings from past research. Using the same buffet meal test paradigm with no eye-tracking, we observed in the past that subjects who reported experiencing binge eating behaviors showed more bite switches between plates than healthy controls (unpublished data). However, successful self-regulation during food choice was associated with more gaze switching in a previous study that combined eyetracking with fMRI [37] . While our buffet scenario was designed to recreate the cognitive dilemma of choice between high-and lowcalorie food, subjects were eating freely in a relaxed setting and were not asked to make forced choices; thus it is unclear if we can extend these fMRI findings to the particular case of our study. The ability to maintain attention while exposed to salient food cues is a critical factor to guarantee goal-oriented behavior in general, and for the specific case of eating, to prevent food craving and overeating [38] . Neuroimaging studies have shown a link between attentional bias to food, underlying neural correlates of this bias, and changes in BMI over time [39] , and a number interventions aimed at enhancing attentional control over food are under investigation to reduce overeating and body weight [e.g., [40] ]. Another possible interpretation of our findings could be a general increase in the ability to focus attention during the buffet and avoid the distractibility driven by multiple choices. This possibility warrants further examination, as inattention during a meal is known to interfere with satiety mechanisms [41] . Future studies should clarify whether the identified effects of MSG on switching among plates represent any of these specific scenarios and should also address the overall long-term impact on food intake and satiety.
Last, the finding of higher activation in the left prefrontal cortex during the fMRI food choice task suggests that MSG intake induced a facilitation of neural substrates associated with successful self-control. However, this effect was seen without changes in task performance, i.e. choice performance remained at similar levels between conditions, indicating no behavioral improvement in self-control capacity. This suggests that the impact of MSG may not have been strong enough to translate into behavior during the task and only impacted its neural underpinnings. However, it is possible that the small sample size and limited number of self-control trials precluded identification of the behavioral effect. The brain changes that we observed here are compatible with a facilitation of executive processes, based on previous research [27] and on the combination of findings in the other components of this study. A seminal fMRI brain investigation that studied the representation of the taste of umami substances, including MSG, found more activation in the dorsal sector of the anterior cingulate cortex (dACC), compared with activation representative of glucose taste [21] . While our study cannot be directly linked with this finding, the dACC is highly connected with the lateral sector of the prefrontal cortex, particularly during cognitive-executive performance, and we found more activation in a region overlapping the dACC when subjects were giving higher scores for the health characteristics of food, in the prebroth (baseline) state. Additionally, in line with the overall hypothesis of our study, markers of vagus nerve activation, such as heart rate variability, have been linked with self-regulatory capacity and its neural correlates, suggesting a convergence of these autonomic and cognitive pathways [42] .
An additional limitation of our study pertains to the use of MSG only in the broth. While other umami substances, such as inosinate (IMP) and guanylate (GMP), have synergistic effects with glutamate to enhance the intensity of umami taste, many studies have used MSG alone as a proxy of umami taste. Specifically, our decision to use a broth with MSG only, i.e., without additional umami substances, was based on previous studies that used chicken broth [13, 19] , vegetable soup [17] , and milk-based preloads [12] . These studies identified effects of MSG, added in isolation, on appetite and food intake, using concentrations that were similar to the one we used here. As the purpose of our study was to examine potential neurocognitive mechanisms underlying these effects, we chose to replicate preload (broth) composition as closely as possible. Future studies should examine whether our results can be extrapolated to the case of other umami substances or combinations. Our study has also a number of more general implications related to the connection between dietary intake and neurocognition. Previous research has shown that the vagus nerve-brainstem-noradrenergic system pathway is also involved in the effects that are seen with a diet rich in protein [43] . Whether the impact on neurocognition that we observed here can be translated to more general scenarios of protein intake and specific diet compositions remains unknown. Also, the tradition of eating a soup as a starter at the beginning of a meal in many cultures around the world may be associated with beneficial effects in the regulation of intake, through the involvement of neurocognitive effects, based on the results of our study. While our study is not free of limitations, it represents the first attempt to connect neurocognition and appetite in this area of research, and we hope that it will spur future investigations integrating these traditionally separated fields of research.
In sum, our study suggests that MSG intake as part of a preload is associated with an enhancement of cognitive executive processes, specifically in the domain of inhibitory control and in women with vulnerability to obesity. While our findings should be considered preliminary due to the limited sample size and marginal levels of significance, they point to potential facilitating effects of glutamate (MSG) on cognitive executive processes that are relevant for the support of healthy eating behaviors and food choice.
